In this paper, we employ stochastic dominance analysis on Chinese Household Nutrition Survey (CHNS) data to investigate the inequality and relative welfare levels in China over time and among population subgroups. We find that from the period of 2000 to 2009, welfare has been continuously improved along with Chinese economic development and growth. Our pairwise comparison of population subgroups shows that there is no dominance relation between subgroups for household type, gender of households head, and age cohorts. While married group and non-child rearing group second order dominate single/divorced group and child rearing group, showing higher level of welfare in the former groups. Also, we find inequality in subgroups with different educational levels and household sizes that the groups with a higher level of education and smaller size of household tend to be better off than their counterparts. JEL Classification Number: C14; D31; D63; O15;
Introduction
Improvement of a social welfare is often based on complete order ranking of income profiles in respect to various attributes. The assessment of well-being in terms of income inequality is traditionally captured by Lorenz curve and Gini coefficient. The Lorenz curve plots the cumulative share of total income against the cumulative proportion of income receiving units. Its divergence from a line of perfect equality can be measured by several indices of inequality, among which one of the most widely used is the Gini coefficient (Heshmati, 2006) . The gain from such approaches is that they produce complete strong rankings of income distributions. However, they lack broad acceptance of their underlying value judgment: the attained conclusions based on these approaches often vary with the choice of types of indices and the parameters used to compute those indices. This ambiguity is problematical for policy analysis and decision making. In addition, indices are summary measures and therefore, often fail to reveal the finer details at the whole income distribution and for different subgroups which is inadequate for providing policy recommendations (Maasoumi and Heshmati, 2000) . As a result, an increasing number of researches have been carried out using approaches such as stochastic dominance (SD) to avoid the above mentioned problems in recent years. Based on the expected utility paradigm, this approach is weaker than the former ones, yet provides uniform assessment of distributions between pairwise population subgroups.
Stochastic dominance relations are defined over relatively large classes of utility functions and have the potential to offer powerful majority inferences in regard with the welfare rankings of different distributions. Moreover, recently developed nonparametric tests enable one to assess such relations to a degree of statistical certainty (Millimet and Wang, 2006) . Unlike average outcome from complete order ranking, which mask the differential impact of factors on different observations, stochastic dominance considers the whole distribution and reveals all of the distributional changes in incomes amongst subgroups. If dominance relations are inferred, one can distinguish the better off group from its counterparts and therefore have a clear vision of the future policies, strategies and programs for helping the targeted groups. On the other hand, the inability to infer a dominance relation is equally valuable and informative; indicating that any welfare ordering based on a particular index is highly subjective and does not apply to all segments of population.
The power of such stochastic dominance relations has led to their growing application in analysis of income inequality and well-being within or between different regions. For example, Massoumi and Heshmati (2000) analyze changes in the Swedish income distribution over time as well as across different population subgroups. Similar approaches have also been applied in another paper studying about dominance ranking of US household income by various household attributes in a period of 1968 to 1997 (Massoumi and Heshmati, 2008) . Lean and Valenzuela (2012) employ stochastic dominance analysis on Australian income and expenditure distributions for the population to study inequality and relative welfare in Australia over the period 1983 to 2004 . Sarkar (2012 examine the performance of rural India, urban India, female headed household and backward caste household in terms of poverty, inequality and welfare for the reference periods of 2009-2010 and 2004-2005 .
Surprisingly, in case of China, stochastic dominance has been seldom applied. Existed studies generally use three kinds of approaches to study income inequality between urban and rural regions, genders and provinces: (i) statistical analysis of the range and variance of income (e.g. Sicular, et al, 2007) , (ii) regression-based methods and Blinder-Oaxaca decomposition (e.g. Shi, et al., 2002) , and (iii) Gini and Theil's inequality indices (e.g. Wu and Perloff, 2005; Kanbur and Zhang, 2005; Beonnefond and Clement, 2012) . To our knowledge, three of the studies use stochastic dominance technique for analysis of inequality or welfare in China. One is from Millimet and Wang (2006) . The authors utilize recent developed nonparametric test for stochastic dominance to assess and decompose the distribution of gender earnings differentials in urban China in the mid-1990s. They find large earnings differentials across gender in the lower tail of the distribution using both annual earnings and hourly wage, but no differential in the upper tail. The second research is from Anderson and Ge (2009) , in which they find evidence of strong welfare gains from 1990 to 1999 in all regions together with significant and persistent welfare disparities between cities within Eastern coastal area and those in the interior. And the last one is from Cai, et al. (2010) , which is about changes in income and consumption inequality in China's urban population during the period 1992-2003. In order to contribute to the existing literatures, we examine the dominance relations for more recent years, from 2000 to 2009 and for several household attributes that have not been studied yet.
In this paper, we consider statistical test procedures for first and second order stochastic dominance. The tests studied here are multivariate generalizations of the Kolmogorov-Smirnov statistics when weak dependence is permitted in the processes. Four waves of household survey data have been used for analysis in two parts. Part one is "unconditional" tests for stochastic dominance between years for the entire distribution of the annual average incomes. Part two contains "conditional" tests for stochastic dominance between population subgroups which are categorized by household attributes including household registration type, household size, age, gender, education, marital and child rearing status. Here, "conditional" implies before stochastic dominance tests for subgroups of one certain household attribute, say household registration type, we control for influences from all other household attributes that mentioned above through regression analysis and data transformation.
This study proceeds as follows. Section 2 introduces the data that we used in this research. Section 3 provides theory, methods as well as the test statistics. Section 4 gives results analysis. Section 5 contains the summary of the major findings and conclusion.
Data and Data Transformation
In this study, we use China Health and Nutrition Survey (CHNS) household data which is collected by the Carolina Population Center at the University of North Carolina at Chapel Hill, the Institute of Nutrition and Food Hygiene, and the Chinese Academy of Preventive Medicine 1 . This on-going longitudinal survey has in total eight waves: 1989, 1991, 1993, 1997, 2000, 2004, 2006, and 2009 . The sample households are randomly drawn from nine provinces including Heilongjiang, Liaoning, Shandong, Jiangsu, Henan, Hubei, Hunan, Guangxi, and Guizhou ( Figure 1 shows the map of the regions) each wave covering about 3,800 households with a total of 14,000 individuals. While we trace the surveyed households over time, the sample size drops rapidly. Household per capita income accounts for all forms of cash and in-kind income, including the value of farm products produced by rural households and retained for self-consumption, in-kind subsidies, transfers, and earnings from assets such as rental revenues from real estate. In order to avoid biases from inflation, all the income values are transformed to fixed 2009 prices using the (consumer) price indices provided by CHNS.
The household characteristics that we control for are household registration type, household size, educational level, age, gender, marital and child rearing status of head of the household. Since several of the household characteristics change over time, we choose to use those records of head of the household head in 2009 as a reference.
Definition of income and subgroups of household are given in Table 1 . Household registration type is categorized into two urban and rural groups in accordance with the birth place of the household head. In defining household size group, the sample is divided into five groups: live alone, two family members, three family members, four family members and five or above five family members. Four educational levels are included: no education, primary education, junior middle school, senior middle school and technical school education and above. Taking account of productivity, we separate the sample into three age cohorts: aged from 15 to 40, 41 to 65 and above 65. Gender groups stand for female headed households and male headed households. Marital status contains two groups, for those who are single, divorced or widow and those who are married. And last, child rearing divides the sample into two subgroups: households with a child that required daily care and the otherwise ones.
[Insert Table 1 here] As mentioned before, our analysis is carried out in two parts: the stochastic dominance tests are conducted between pairwise groups in respect with time (unconditional) and household attributes (conditional). When observe dominance relationships over years, we compare the household per capita income in the year of 2000, 2004, 2006 and 2009 . When it comes to comparison between subgroups of the household, certain data transformation is needed. We first obtain the average household per capita income over the period 2000 to 2009 as a preparation for data transformation. This is because using the average value takes out some transitory movements which otherwise cannot be achieved by using snapshots at points in time (Massoumi and Heshmati, 2008) . And then we conduct the Mincerian (Mincer, 1994) 
Residuals Registration type′s effects ln income
Other characteristics effects Xi * βi
Theory, methods and the test statistics
In lighted by Massoumi and Heshmati's (2008) work on ranking PSID incomes by various household attributes, we use similar bootstrap procedure for estimating the probability of rejection of the SD hypotheses with a suitably extended KolmogorovSmirnov test for first and second order stochastic dominance.
Theory and methods
Let X and Y be two income variables at either two different points in time, or for different regions, or individual or household characteristics. Let X 1 , X 2 ,…, X n , be n not necessarily i.i.d. on X, and Y 1 , Y 2 ,…,Y n , be n not necessarily i.i.d. on Y income variables. Let U 1 denote the class of all von-Neumann-Morgenstern-type utility functions (Von-Neumann, 1953) , u, such that u′≥0, (increasing). Also, let U 2 denote the class of all utility functions in U 1 for which u″≤0 (strict concavity), and U 3 denote a subset of U 2 for which u‴≥0. Let F(x) and G(x) denote the cumulative distribution functions for the two comparison groups, respectively. Quantiles q x (p) and q y (p) are implicitly defined by, for example, F[X ≤ q x (p)] = p.
Definition 1. X First Order Stochastic Dominants Y, denoted X FSD Y, if and only if any one of the following equivalent conditions holds:
for all u  U 1 , with strict inequality for some u.
(2) F(x) ≤ G(x) for all x in the support of X, with strict inequality for some x. (3) q x (p) ≥ q y (p) for all 0≤ p ≤1, with strict inequality for some p.
Definition 2. X Second Order Stochastic Dominant Y, denoted X SSD, if and only if any one of the following equivalent conditions holds:
for all u  U 2 , with strict inequality for some u.
, for all x in the support of X and Y, with strict inequality for some x.
, for all 0≤ p≤ 1, with strict inequality for some p.
The tests of FSD and SSD are based on empirical evaluations of conditions (2) or (3) in the above definitions. Mounting test on condition (2) requires empirical commutative density function (cdfs) and comparisons at a finite number of observed ordinates. Mounting tests on conditions (3) typically relies on the fact that quantiles are consistently estimated by the corresponding order statistics at a finite number of sample points.
This approach fixes the critical value (zero) at the boundary of our null and estimates the associated "significance level" by bootstrapping the sample or its blocks. This renders our tests "asymptotically similar" and unbiased on the boundary which is similar in spirit to inference based on p-values.
The test statistics
Suppose that there are two prospects X 1 and X 2 and let A= {X k : k=1,2}. Let {X ki :i=1,2…N} be realizations of X k for k=1,2. Here we group the data into subgroups, say of household registration type, or household heads gender, and then make comparisons across homogenous populations. For k=1,2 define:
and let F (x 1 , x 2 ) be the joint c.d.f. of (X 1 , X 2 )′. Now define the following functional of the joint distribution:
 where χ denotes a given set contained in the union of the supports of X ki for k=1,2. Without loss of generality we assume that the supports are bounded. The hypotheses of interest are:
The null hypothesis d H 0 implies that the prospects in A are not first-degree stochastically maxima, i.e., there exists at least one prospect in A which first-degree dominates the others. Likewise for the second order case, the test statistics are given below:
In our algorithm we compute approximation to the suprema in D N , S N based on taking maxima over some smaller grid of points , … , where . We obtain simple bootstrap estimates of the probability 0 and probability 0 . If the probability is high, say 0.90 or higher, we may infer dominance to a desirable degree of confidents. If it is a low probability, say 0.10 or smaller, we may infer the presence of significant crossing of the empirical CDFs, implying an inability to rank the outcomes (Massoumi and Heshmati, 2008) .
Analysis of the results

Unconditional analysis
The first part of Table 1 shows the summary of the data by years of observation. The balance number of households observed all four waves is 1,225. The mean income is continuously increasing over time from 5,606 yuan 2 in 2000 to 13,410 yuan in 2009, that is, even after adjusting for inflation, the income has been doubled in 10 years. Similarly, the dispersion in income increases from 5,651 yuan in 2000 to 13,388 yuan in 2009.
[Insert Table 2 here] The second part of Table 2 , our SD test statistics are summarized by their mean and standard errors, as well as the probability of the test statistic. Subgroups are compared pair wisely, one group is denoted as the "X" distribution and the other group is denoted by "Y". Thus, "FSDxoy" denotes "first order stochastic dominance of X over Y", and "SSDxoy" is similarly is defined for second order dominance. "FOmax" and "SOmax" denotes the "first and second order maximality".
Following the statistic test procedure, the test shows that there is no FSD between any two years. The probability for first order stochastic dominance varies from 0.0000 to 0.3170, suggesting that the null hypothesis ---that there is first order stochastic dominance between two groups---is unlikely to be accepted. However, the second stochastic dominance relationship has been observed in all comparisons and without exception, the latter years SSD the prior years. Thus those results imply that an increase in social welfare over recent 10 years in China regardless of which social welfare function or index we use for measurement.
Conditional analysis
As mentioned previously, the households are distinguished by household heads characteristics in 2009, but mean income is defined as period average of household per capita income. The characteristics that we condition on include: household registration type, gender age, household size, education, marital and child rearing status. The conditional analysis of the data for each characteristic is discussed below.
Test Results for household registration type
The mean values for household registration type reported in Table 3 gives a higher average income for urban group (10,771yuan) than that for rural group (8,878yuan) . Surprisingly, the results from the SD test reveal that there is neither first nor second dominance of the urban households over the rural households. Since the probability for urban households FSD rural households is 0.53, and that for SSD is 0.68 ---both are weak evidence of stochastic dominance. This raise contrast with previous studies (Khan and Riskin, 1998; Benjamin, et al., 2005; Heshmati, 2007 , among others) which indicate significant rural-urban inequality in China. We consider this might be because the attributes that we controlled for are also attributed to urban-rural inequality to certain extent, for example urban residents get more opportunities and better quality of education than rural residents. Thus after eliminating those effects, the inequality between urban and rural residents is not as obvious as before.
[Insert Table 3 here]
Test Results for gender of households head
From Table 3 we can see that male headed households are nearly 10 times as many as female headed households suggesting that China is still a male-dominated country. Even though on average female headed households (FHH) have higher incomes than male headed households (MHH), there is no evidence of FHH first or second order stochastic dominating over MHH. This basically implies that other factors being equal, FHH and MHH enjoy the same level of well-being. At a first glance, one might note that this finding runs in contrast to the finding of gender inequality in China's society in the earlier works (Macpherson and Hirsch, 1995; Hughes and Maurer-Fazio, 2002; Wang and Cai, 2006 among others) . A careful comparison will however, reveals that previous studies use individual income data and do not control for individual's attributes. Also, in a male dominated society, female heads is likely to work harder in order to compete with their counterparts.
Test results for marital and child rearing status
In Table 3 , it is found that one tenth of household heads is single or divorced; the mean value of single/divorced group income is lower than that for the married one, which is 9,137 yuan vs. 10,006 yuan. This difference has also been proved through the SD test, suggesting that the married group second order dominates the single/divorced group at 91 per cent level of significance. Around 90% of the households indicate that they do not spend time on rearing child at the survey year. The mean and the dispersion of income for that group are higher than those for households that need to spend time for children rearing. In the SD test, the former group is second order dominating the latter one at 96 per cent level showing that taking care for a child may have negative influence on household's welfare level. Table 4 summarizes the results for age group 15-40, 41-65, and 65+. The mean values and the dispersion of incomes for the three age cohorts have little differences from one to another. The group that represent household head's age between 40 and 65 has the highest income level but the lowest dispersion. Looking at the SD test results, there are no cases for FSD or SSD between the age cohorts. The disposable incomes of age cohorts are second order maximal, implying that they may be ranked only at higher levels than SSD. The results reveal that though age is considered highly related to one's productivity and therefore one's income level, this is less true from seeing at household level. Since chances are high that some low income earner can be compensated by financial supports from other family members who have higher income level.
Test results for age cohorts
[Insert Table 4 here]
Test results for educational levels
It is generally held that education has positive effect on earnings and bargaining power. From Table 5 , we can see that mean incomes are increasing function of the years of schooling. Educational returns reach the highest level for people who finished technical school or tertiary education. In the SD test, we find that the group for technical/tertiary education SSD the groups of no education, primary and junior high school education. Nevertheless, the group for technical/tertiary education shows no dominance relationship over the group for senior high school education, even if the mean income difference between those two groups is as large as 4,866 yuan. The group for senior high school education SSD the groups for no education and primary education, but no ranking order can be established while comparing with the group for junior high school education. For the rest of the pair comparisons, only the group of junior high school education indicates a SSD relationship with the group of no education. It seems that the comparisons between two adjacent educational levels end up with low probability, which is a weak evidence for FSD or SSD. However, SSD relationships are invariably observed when two comparing educational levels have at least one interval level in between.
[Insert Table 5 here]
Test results for household sizes
Summary of the mean income in Table 6 reflects negative effects of household size on the per capita household income level that it drops from 9,461 yuan for households with only one person (HH1) to 4,632 yuan for household with 5 or more people (HH5). The largest two groups are households with two or three family members ---the combined observations in those two groups standing for more than half of the total number of households. Yet, despite they are the two most common family patterns in Chinese society, the mean value of incomes remain below those for HH1. In terms of the SD test, the group for those who live alone (HH1) SSD the groups of households with 3 (HH3) or 4+ (HH5) family members. HH1 also second order dominates the group for household with 2 family members (HH2) but with only a probability of 0.8960. Nevertheless, it is interesting to find that there is no dominance relation between HH1 and HH4. HH2 shows a strong second stochastic dominance over HH3, HH4, and HH5. But for the comparisons between HH3, HH4 and HH5, the scale of probability is too weak to show any clear dominance ranking order relationship.
[Insert Table 6 here]
Summary and conclusion
Income inequality and welfare in China has long been studied at home and abroad while the extent of inequality mostly been measured and ranked using partial strong orders such as the Gini coefficient or the Atkinson Index. Approaches like those are known to suffer from the lack of universal acceptance of the value judgments of the underlying welfare functions which sometimes result in contradicting conclusions. The purpose of this paper is to avoid those shortcomings and draw a more robust conclusion on income inequality level in China. To achieve this, we consider KolmogorovSmirnov test procedures for first and second order stochastic dominance relations in respect with time and several household attributes in China.
The SD tests results show a steadily rising per capita household welfare from 2000 to 2009. This is both expected and a desirable outcome of the economic development. Since the rapid economic growth in contemporary China undeniably has raised the quality of life. Our subgroup-specific findings suggest a number of important items for policy concern. Even though first order dominance is rare, but second order dominance holds in most of cases. First, we find that after controlling for other attributes, there is no stochastic dominance relation between urban and rural residents, female-headed and male-headed household and age cohorts. That is to say that those attributes may have limited contributes to increased income inequality. Second, our results show that the group of married household heads SSD the group of single/divorced ones, and similarly the group of non-child rearing SSD the group of child-rearing, pointing that the former group has a higher level of welfare than the latter one. Third, groups with higher levels of education second order dominates groups with the lower levels of education suggesting that the latter groups have higher inequality when compared to the former groups. And fourth, large-size families have higher income inequality and lower welfare level than small-size families.
Based on our findings, we conclude that ceteris paribus influence of household registration type, gender of the household head and age cohort have less contribution to income inequality than other household attributes. Household heads who are single/divorced or have low level of education and households with a child needs for caring or with a large family number tend to have lower welfare level. Thus, policies that are favorable to those population subgroups are recommended for reduction or elimination of inequality in China.
While we believe our study, based on typical Chinese provinces, represents some interesting findings about the income inequality in China. One should be cautious that our samples only cover nine out of thirty-one provinces. There is a risk of oversimplification in attempting to summarize our key findings and apply it to China as a whole. If existed, further research could ideally be conducted using national wide household-level data set. 
